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! SYNOPSIS

N A survey of systems for recirculating runoff water from irriga.-
izyn in southern Idaho shows little evidence of formal systern design.
'Elwtema were consfructed to handle approximately 20 percent of the
w;lume of irrigation water, Costs of the systems vary with the type

of installation. Sequence, reservoir, and cycling sump systems each
has certain advantages. Recirculating systems are not effective unless
the water is applied to a different area than that which is contributing

runoff. Recirculating irrigation systems can raise water application

efficiencies to 80 percent,
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INTROQDUCTION

Concepts of efficient irrigation are conlinually changing, They.
are modified by sconomics; the utilization of Iabor, wateriale, wnd
capital, The farmer, in order to gain a maximum economie return -
from his farming operation, may use water a5 a .ulutltm for labor
when water is relatively abundant and inaxpendve.

Many irrigators consider an eﬂicmnt irrigation one in which all

the water bas been abaorbad by the scil on the fiéld. Current studies 4

show that where cutback streams are not used, best irrigltion etﬁmencf;

will result when & spscified amount of runoff oceurs, Irriga.tion can be 2y

well designed border irrigation systems. In mvest:farrow systems and

in poorly designad or operated horder aystems, irrigation with little or o
no runoff will result in large deep percolation losses. S

When deciding hetween the desirability of having either dui: per-
colation loss or runoff, geveral reasons becoms a_ppareht a.s to the i{esl;-
ability of choosing runoff: {1) runoff water can usually be recovered;

{2) it do= s not contributs to groundwater, drainage, and salinizatica
problems; and (3) it is not wasteful of fertilizer matariale through
hnching. R.uhoff shoul-d.l.u iiﬂtsd so that soil erosion does not occur.

In l.dditmn. it appears that the p:rosent trend toward more mechanization s

and automation of surface irrigation may 1nt1_-oduce a need for controlled

2
o |
accomplished with no runoff and 2 minimum of deep percolation loss with

amounts of funoﬁ; _ L .

eawm, fed
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Surface runoff suggests an obvious recoverable addition to the
farm irrigation water supply. As a result, in recent years there has
been an upsurge in interest in recirculating irrigation systems and pump-

"ing systems for recirculating runoff and waste water from irrigated fields
are becoming an important part of economical irrigation. Little previous
work has been reported on the design of recirculating irrigation systems.
The relationship of pump and gump gize to the contributing area and pos-
aible runoff has not been determined, The functional requirements -
what, why, and how much =ach part of the system is expected to do have
not been investigated.

Some general information is available on sump design and storage
requirements for given pumping rates. Little thought has apparently
been given to the potential quantity and rate of runoff from irrigated
fielde under varying conditions of water aupply, soils, crops, and topo-
graphy, or how recirculated flows may be integrated in the supply system,
Some individual return flow systems are described in the literature but
there is no indication that any engineering data are available for design.
Typically, a sump is dug in an appropriate spot and a pump and return
line inatalled, It is not known whether fhe runocff is measured before-

hand,
SURYEY RESULTS

A survey was conducted during the fall of 1964 and spring of 1965
to obtain information about systems in the Eden-Hazelton-Murtaugh area
and the Oakley Valley area of southern Idaho, An attempt was made to

obtain information about soils, topography, contributing area. sump




[
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area, pump and controls, pipelines and costa, A total of 66 recirculating &
irrigation systems pumping entirely from runoff were located in these
areas. The data obtained from the survey are summarized in Table 1.
The area to which the recirculated water was applied varied from 40 to
160 acres and averaged approximately 70 acres. The area contributing
tunoff varied from 120 acres to 500 acres and averaged about 240 acres.
This does not mean that all of the contributing area or the area uaing
recirculated water was irrigated at one time,

Few recirculating systems were being operated when the survey

was conducted and inflow and pumping rates were not available. Few
of the irrigators knew the rate at which they were pumping water. In
general most systems appeared to be pumping about 1.5 cfs,, with a
range of 0.5 to 2. 00 cfa. Most owners consulted did not think it econom-
ically feasible to pump less than 1 cfs. There were no measuring devices
to be seen at any of the recirculating installations. The only measuring
devices in the area were those at the canal turnouts on farms obtaining

water from a canal system. All of the water supplies in the Oakley area

were from wella, The steeper topography in the Eden- Hazelton-Murtaugh
arez is reflected by the greater length of pipelines and results in increzsed &

installation coste,

In areas where the slope of the contributing area was greater than
0.5 percent, silt problems were more in evidence than on systema hav-
ing contributing areas with flatter slopes, In some systems it appeared
that the annual cost of silt disposal might be as much as annual power

costs for the pumping operation,
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T wo types of pumps were used on the recirculating systems,
One was a paddle wheel centrifugal pump and the other was a short
coupled vertical turbine pump., Forty-six of the inatallations used the
paddle wheel centrifugal pump. The remaining 20 were short coupled
vertical turbine centrifugale. The paddle wheel type generally has
lower potential efficiency but has the advantage of being able to pump
some trash. The vertical turbine type pump requires trash screening
and continuous bowl submergence while pumping, but is more efficient
at higher heads.

Many of the owners thought that encugh water should be stored
to irrigate a separate area uging a 24 hour irrigation period. Accord-
ingly, collection reservoir size ranged from 0.6 ac.-ft. to as high as
8 ac, -ft, with the average volume being about 2, 0 ac, -ft.

Most installations appear to have been developed, not designed.
This was evidenced at several installations by the spare pulleys found
lying around, indicating that the farmer changed the pump speed to
match his particular runoff conditions.

Pump stands in reservoirs were generally made by stacking two
four-foot lengthe of 30- or 36-inch diameter concrete pipe on end. An

inlet hole was cut on the side of the bottom piece of pipe creating an

underwater intake that provided some escape from pumping trash, Fur-

ther reduction of trash intake could probably be obtained by allowing a
larger radius of inlet or by providing several radial pipe inlets to the

pump stand creating several lower velocity intake points.
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n EXPECTED RUNOFF

A recent study on farms in the Rupert, Idaho % area showed an
average farm runoff of 18,5 percent of the total water delivered to the
farm. Loases by deap percolation were computed to be of approxi-
mately the same magnitude.

Davis¥, from surveys made in California, reports that farms
baving an area size of 160 acres produced runeff of 10 to 20 percent of
the water used for irrigation.

A theoretical study was conducted by the authors to determine the
volumes of expected runoff from fields using typical irrigation stream ad-
vance and infiltration data, Runoff, deep percolation and moisture stored
in the root zone were computed for varicus combinations of length of run
and desired depth of irrigation at the lower end of the field. Infiltration
wag represented by the expression:

I o= KN e e
where 1 is the cumulative infiltration, t istimeand K and N
are values characteristic of the soil, The stream advance was given by

the equation:

ﬁ t o= Al — N L@

Tyler, C. L., G, L. Corey, and L. B. Swarner, "Evaluating
Water Use on a New Irrigation Project, ' Idahe Agricultural Experiment
Station Research Bulletin No, 62, 1964,
v Davis, John K., "Design of Irrigation Tailwater Systems, "

TRANSACTIONS of the ASAE, Vol. 7, No. 3, 1964, pp, 336-338,
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where ¢ istime, A and C are constants for the particular condi-
tions, x is the advance distance, and e is the natural logrithm
base,

Results are presented for K, N, A and C values of 0.5,
0.5, —2.0, and 0,002, respectively, and a 1320 foot length of run, Figure
1. The values shown by the curves are computed at the total time requir-
ed to apply the desired depth of irrigation water at the lower end of the
field. For any given time the runoff plus the absorbed water will equal
the water stored in the root zone. Presented in this manner, as a per-
cent of the total applied water, the water stored in the root zone is the
irrigation application efficiency.

The curves in Figure 1 are easily used. For example, ifa 12
inch irrigation is to be applied, runoff will begin at approximately 5 per-
cent of total time and will amount to about 50 percent of the applied water.
The percent of total water absorbed by the scil will be approximately
equal to that stored in the soil, 50 percent, since deep percelation will
be negligible. Similarly, if a 2 inch irrigation is to be applied, runoff
will begin at about 60 percent of the total time of irrigation and will be
approximately 10 percent of the applied water, Approximately 90 per-
cent of the water applied will he absorbed by the so0il, about 63 percent
would be stored in the root zone and about 27 percent lost to deep perco-
lation.

For this particular set of conditions, maximum water application
efficiency is obtained with a 3.5 inch depth of irrigation and a corres-

ponding runoff of about 20 percent of the total applied water. If the
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runoff from the field is recirculated and reapplied at the same efficiency ﬁ
as the original irrigation, the application efficiency can be increased ap-
proximately 15 percent. For typical situations application efficiencies

of 60 to 70 percent are attainable when runoff is approximately 20 per-

cent. Recirculating the funoff will raise the application efficiency over

80 percent. Maximum application efficiencies with recirculation of run-

off are obtained with about 30 percent runoff from the original stream.

Thig applies to systeme having average infiltration rates andneither

faat or slow advance rates, i. e., advance time ftotal time ratios between

1and 9.

SYSTEM MANAGEMENT

Recirculating systems can generally be classified into three types:
(1} sequence systems, {2) reservoir systems, and {3) cycling sump
systems. Depending on the individual situation, ome or more types of
ayatemn may be applicable,
B Sequence systems are the simplest. They may consiat only of a
meana of collecting runoff at the end of a field and applying it to an ad-
jacent field. Under ideal conditions this may not even require a pump. A,
Several sequence systems were found in the previously mentioned sur-
vey. These systemns generally had only a amall sump, & pump, and a
short length of pipe. The runcff water collected from one field was pump-
ed acroas the road and applied to the next field, which was at a slightly
lower elevation. With proper planning and some land leveling, it may
be possible to install sequence systems which do not require a pump.
These should have enough elevation difference between fields to allow

runoff water to be applied to the lower field without having to be pumped.
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Repervoir systems were the most common found in the survey.
For this method, a reservoir sufﬁciexitly large to hold all the runoff
which may occur in a 24 hour or longer period is required. The re-
covered water may then be purnped as a fully indepandent supply to some
other part of the farm or may be combined with the original water aupply,

Cycling-suinp systems are usually designed using criteria simi-
lar to those for pump outlet drainage systema. They have 2 small sump
and a float system which controls the pump operation, Shahroody and
Davis ¥ give specific recommendations for the hydraulic design of
sumps for vertical turbine pumps. Sump size, pumping rates and
¢ycling frequency were discussed by Davis v in an earlier article.

Management of the recirculated water in the irrigation system
is a problem that has not received sufficient attention., Unless some
consideration is given to this problem, the desired increasge in efficiency
may not be obtained. Care of small streams may be an inefficient use
of labor. The water may be largely wasted if it is not carefully applied.
Combining recirculated water with a primary flow from the farm supply
mary result in better efficiencies of labor and water use, Where the

runoff water is recirculated into an irrigation system the area being

irrigated will have to be increased.

o Shahroody, Ali M., and John R. Davis, "Efficiency of Pumping
From Small Circular Sump," JOURNAL OF THE IRRIGATION AND
DRAINAGE DIVISION, ASCE, Vol. 90, No. IR 1, Proc. Paper 3817,
March 1964, pp. 1-8.
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In the sequence use aystem water is applied to a spmall portion
of an adjacent field. If a storage reservoir is included in the recirculat.
ing system, fewer problems will be encountered as the pumping rate
from the reservoir will be constant and the flow can be treated as a
aeparate full irrigation supply. It is the equivalent of having an addi-
tional irrigation atream.

The most difficult management problem exiats when cycling-sump
systems are used. Analysis of the problem of integrating recirculated
runoff inte the original supply shows that the cycling-sump is not a feas-
ible idea. All that is accompliabed if the water is added to the area
already being irrigated is storage of the runoff water on the surface of
land. Thie only prevents it from ending up in the borrow pit at the ex-
pense of pumping costs. The runoff water from any recirculating system
must be applied to another or additional area in order to actually make

use of it,
HYDROLOGY

The hydrology of the collection area should not be ignored. If
the surface water from the entire farm is channeled by waste ditch into A
the holding reservoir for recirculation, there is a possibility of damage
due to runoff from rainfall or melting snow, During irrigation, runoff
is usually received from only the areaz being irrigated and the reservoir
and pumping system are designed for this condition. If rainfall ocgurs,
a small amount of runoff from the larger farm area may be enough to

overiop the reservoir. Therefore, overflow or spillway capacity may




RECIRCULATING IRRIGATION 265

have to be built into the system if thig is a possibility. Such damage oc-
curred during the 1964-65 winter in some of the Idaho installations survey-
ed. Rains falling on a snow cover produced a large amount of runoff at a
time when the systems were not attended. As a result several resetrvoirs

had major washed-out sections.
SILTATION

Basic soil conservation practices should not be ignored in the
installation of recirculation systens . Irrigation systems should be de-
signed so that a minimum of gilt is produced from the contributing fields.
In general the systems surveyed in Idaho did not conform to this recom-
mendation. Some of the reservoirs accumulated so much silt that they
had te be cleaned annually. The cost of silt removal in some systems
was estimated to be approximately as much as the pumping costs for re-
circulation of water.

While not practiced in all of the systems surveyed, the silt removed
from the reservoir can be redistributed on the contributing field. This
topsoil can be used to reduce the slope of the field or to fill in depres-
sions, swales, etc. which contribute to uneven distribution of irrigation

water,
CONCLUSIONS

Anzlysis of the status of design of recirculating irrigation systems
shows that very little work has been done to determine design criteria or
functional requirements of such systems. It has been shown that the

water application efficiency of typical surface irrigation systems can be
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improved by about 15 percent if the runoff water is recirculated and used
at the same efficiency on additional land,

Estimates of the volume of runoff expected for various field con-
ditions hkave been obtained frorm general field observations. Reservoir
size ig usually flexible but pumping rates will depend on the method of
use of the recirculated water. Sequence and reservoir recirculating
systems will give a continuous flow which can be used independently or
combined with another water supply. If the recirculated water is com-
bined with the original aupply the irrigated area muest be expanded to oh-
tain any benefit. The cycling-sump system can be used effectively only
where the water can be applied to an area which is separated from the
area producing the runoff being recirculated.

A survey of existing recirculating systermns in southern [daho
showed a definite lack of design criteria and engineering design data,
These systems also show lack of basic soil conservation and hydrologic
design considerations. Two-thirds of these installations had pumping
plant installations which could be improved by better equipment and

better plant design,




